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Previews
ally, however, we would also like to understand the pre-Listen Carefully: Positional Cloning
cise molecular, cellular, and developmental foundationsof an Audiogenic Seizure Mutation that underlie this focal hyperexcitablity. Genetic ap-
proaches afford many advantages, but reflex epilepsyMay Yield Frings Benefits
in humans is too rare and heterogeneous to be a useful
substrate for classical inheritance studies. Did some-
body say “mouse model”?
Neurologists have long sought to understand what In this issue of Neuron, Louis Pta´cˇek and colleagues
precipitates individual seizures in epileptic patients. (2001) at the University of Utah report the first use of
Studies of reflex epilepsies seem well suited to this positional cloning to isolate a mutant gene responsible
task. In this issue of Neuron, Skradski et al. describe for audiogenic seizures in mice. Mouse models of inher-
a mutation in a novel gene underlying audiogenic sei- ited audiogenic seizure (AGS) are not a recent discovery
zures in the Frings mouse, providing a valuable re- and have been studied by behavioral geneticists for
source for elucidating the pathophysiological mecha- decades. Perhaps most famous is the DBA/2 inbred
nisms of this inherited form of reflex epilepsy. mouse strain, which Hall (1947) found susceptible to
AGS when stimulated by a doorbell mounted on an iron
tub. Subsequently, Frings and Kivert (1951) describedIndividuals living with epilepsy frequently remark that
a recessively inherited AGS mutation that arose on athe most challenging aspect of dealing with their condi-
substrain of Swiss Albino stock. Seizures in DBA/2 andtion is the uncertainty. Some patients, including many
Frings mice are behaviorally similar, but, from a geneticwho respond well to antiepileptic drugs (AED), may en-
perspective, these strains exhibit important distinctions.counter only one or two seizures in a year. However,
Genetic mapping led to the discovery that AGS inheri-these events are unpredictable, and the anxiety that a
tance was complex in the DBA/2 strain, with contributingseizure might occur at any moment can be pervasive
loci on chromosomes 12, 4, and 7 (Neumann and Collins,and demoralizing. The epileptic brain seems to function
1991). Genes responsible for polygenic traits are notori-normally most of the time. What is it that occurs in the
ously difficult to isolate, and none of the DBA/2 AGSmoments immediately preceding a seizure that tips the
loci have yet been identified. In contrast, Skradski et al.balance in favor of uncontrolled bursts of hypersynch-
(1998) demonstrated that seizures in Frings mice wereronized neuronal activity? Does the critical stimulus
due to a single locus named mass1 (monogenic audio-come from the external environment, or is it all in our
genic seizure-susceptible) on chromosome 13. This in-head? If we knew the answer, it might be possible to
creased the likelihood that the Frings defect might bedevelop more rational preventative measures, precisely
identified quickly.targeted at specific cells or proteins, that avoid the side
Skradski et al. (2001) used conventional positional
effects of some AEDs while achieving greater efficacy.
cloning techniques to identify the mass1 locus as a
While it is generally true that seizures are unpre-
single gene of 35 exons exhibiting both alternative splic-
dictable, certain phenomena are clearly associated with ing and multiple promoters. The longest wild-type tran-
increased seizure probability. Many adult epileptics script is predicted to encode a protein of 2780 amino
identify stress, fatigue, menstrual cycle, alcohol, dehy- acids. In the Frings strain, deletion of a single nucleotide
dration, or depression as precipitants of their seizures. from exon 27 of mass1 is expected to result in frameshift
The correlation may be strong in some individuals, but and protein truncation at amino acid 2072. Analysis of
the complex biochemical changes associated with closely related mouse strains supported the validity of
these conditions make it difficult to resolve precise trig- this polymorphism as the mutation responsible for AGS
ger mechanisms. However, for patients who suffer from in Frings mice. The challenge ahead will be to decipher
what is known as “reflex epilepsy,” the triggers can be the function of the normal Mass1 protein and determine
remarkably specific. The most common form is photo- the mechanism by which mutant Mass1 causes AGS.
sensitive epilepsy, accounting for 3%–5% of all epilepsy Two observations suggest this may not be a simple
cases, in which seizures are typically provoked by flick- task. First, mass1 mRNA appears to be expressed at
ering light. More rarely, people report seizures triggered extremely low levels, which could hinder characteriza-
by reading, writing, startle, touch, hot baths, difficult tion. Second, with the notable exception of two con-
puzzles or board games, or even specific types of music served amino acid sequence motifs, Mass1 does not
(reviewed in Advances in Neurology, 1998, Vol. 75). It is exhibit striking homology to previously characterized
known that visual and auditory signals activate distinct proteins. I will consider each issue briefly.
neural pathways. Functional imaging studies show that Analysis of mass1 mRNA expression by Northern blot
many of the other activities listed above (reading, writ- and in situ hybridization was uninformative, but sensitive
ing, etc.) also stimulate particular brain regions. Conse- RT-PCR assays detected mass1 transcripts in brain,
quently, it is possible that the triggers for different types kidney, lung, and several brain subregions (hippocam-
of reflex seizures might each correspond to unique neu- pus, brain stem, cerebellum, midbrain, forebrain, and
ron populations. Localization of these epileptogenic foci cortex). While not inconsistent with an epilepsy pheno-
provides valuable information, particularly when AEDs type, questions arise about how such broad expression
in brain relates specifically to audiogenic epilepsy andare ineffective and surgical intervention is required. Ide-
Neuron
508
not another phenotype. For example, mass1 is ex- This study is significant for defining the first naturally
pressed in cerebellum, but Frings mice are not ataxic. occurring genetic defect responsible for reflex epilepsy
Is mass1 transcribed in some cells where it is not actually in mammals. Discovery of the mass1 mutation as the
required? Are some brain regions simply more sensitive basis for AGS in Frings mice promises to yield unique
to defects in mass1? Might functionally related genes insights into the mechanism of this rare form of inherited
compensate for mass1 defects in all but the auditory epilepsy. Do mutations in the orthologous human gene
pathways? These are complex questions, but higher- hMass1 also result in audiogenic seizures? Making pre-
resolution analysis of mass1 expression might provide cise extrapolations between distant species is risky
clarification. For instance, while mass1 expression was when the phenomena are as complex as sensory signal
detected in brainstem and midbrain regions, which both processing and integration, and the authors are careful
contain components of auditory signal integration and to avoid this temptation. Mutations in hMass1 may just
processing, it will be important to microdissect these as likely cause hearing defects, nonreflex seizures, or
regions to learn if mass1 is expressed diffusely or at some other phenotype. The hMass1 gene was localized
higher levels in particular nuclei. Inferior colliculus may by fluorescence in situ hybridization to chromosome
be particularly relevant, since this nucleus has been 5q14. A cursory examination of human genetic data-
implicated in several models of inherited and induced bases reveals two interesting loci in the vicinity: familial
AGS (Faingold, 1999; Ross and Coleman, 2000). The febrile convulsions (FEB4) and Usher syndrome type
cochlear nuclei, critical initial nodes of the auditory path- 2C (USH2C). With its relationship to both seizures and
way, were not tested for mass1 expression in this study auditory signaling, hMass1 might be considered a viable
but could also play a role in initiating audiogenic sei- candidate for either condition.
zures. Subsequent investigations might also profit by
testing whether mass1 plays an essential role early in Daniel L. Burgess
development but is later downregulated. Department of Neurology
Ultimately, understanding the role of the mass1 gene Baylor College of Medicine
in AGS susceptibility will require knowledge of Mass1 Houston, Texas 77030
protein function. In addition to several potential trans-
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199–212.found in many other Na/Ca2 exchangers but also in
Faingold, C.L. (1999). Adv. Neurol. 79, 311–321.integrin-4, the very large G protein-coupled receptor
Frings, H.M., and Kivert, A. (1951). J. Mammal. 32, 60–76.(VLGR1), and other proteins from taxa as divergent as
Hall, C.S. (1947). J. Hered. 38, 3–6.Porifera (Microciona prolifera) and Cyanobacteria (Syn-
Neumann, P.E., and Collins, R.L. (1991). Proc. Natl. Acad. Sci. USAechocystis sp.). The Calx- motif is found 18 times
88, 5408–5412.throughout Mass1, suggesting it is an important key to
Ross, K.C., and Coleman, J.R. (2000). Neurosci. Biobehav. Rev. 24,Mass1 function. The presence of potential Ca2 binding
639–653.motifs in a protein with multiple predicted transmem-
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Pta´cˇek, L.J. (2001). Neuron 31, this issue, 537–544.second motif identified in Mass1 resembles a multicop-
per oxidase consensus site. Noting that iron, manga-
nese, and various neurotransmitters (including seroto-
nin) are substrates for various multicopper oxidase Is Song Special?proteins, the authors suggest potential functions for
Mass1 in metal metabolism, oxidative stress, or neuro-
transmitter processing. It is interesting that both metals
and neurotransmitters have been previously associated
Akutagawa and Konishi (2001 [this issue of Neuron])with AGS; acute magnesium deficiency is well known
describe the spatial and temporal pattern of SNAgto increase AGS susceptibility in rodents (Bac et al.,
(song system nuclear antigen) expression within a1998), and mice lacking functional 5-HT2c receptors
subset of song-associated forebrain nuclei of grassalso have a lowered threshold for AGS (Brennan et al.,
finches. The timing and estrogen inducibility of SNAg1997). Pending elucidation of mass1 function or genera-
expression suggest that it may function in establishingtion of a mass1 knockout, it remains unclear whether
neural connections key to vocal learning.the seizures in Frings mice result from loss, decrease,
or perhaps more complex alterations of Mass1 activity.
The bird song system provides a feast for the systemsSolving this question is an important goal for future
investigations. and cognitive neuroscientist (Kuhl and Doupe, 1999).
